Volume: Volume 67 Publisher: Elsevier: 12 months | 2018-12-01, Pages 64-69 Abstract Objectives: Hospital admission during early labor may increase women's risk for medical and surgical interventions. However, it is unclear which diagnostic guideline is best suited for identifying the active phase of labor among parous women. Dr. Emanuel Friedman, the United Kingdom's National Institute for Health and Care Excellence (NICE), and the American College of Obstetricians and Gynecologists/Society for Maternal-Fetal Medicine (ACOG/SMFM) support different active labor diagnostic guidelines. Our aims were 1) to determine the proportions of parous women admitted to the hospital before or in active labor per these leading guidelines and 2) to compare associations of labor status at admission (i.e., early labor or active labor) with oxytocin augmentation, cesarean birth, and adverse birth outcomes when using the different active labor diagnostic guidelines.
INTRODUCTION
Support of normal physiologic childbirth is a tenet of midwifery (International Confederation of Midwives, 2014) . The timing of admission to the hospital for a woman with spontaneous labor onset may affect her opportunity for physiologic birth by influencing the interventions she receives during childbirth. Admission early in labor increases likelihoods for intrapartum pharmaceutical and surgical intervention (Bailit et al., 2005; Neal et al., 2017; Neal et al., 2014) . The American College of Obstetricians and Gynecologists (2017) recently recommended delaying labor admission for women with reassuring status until active labor begins to improve their opportunity for vaginal birth.
The three most prominent active labor diagnostic guidelines for parous women come from Dr. Emanuel Friedman (1956 Friedman ( , 1978 , the United Kingdom's National Institute for Health and Care Excellence (NICE; 2014), and the American College of Obstetricians and Gynecologists/Society for Maternal-Fetal Medicine (ACOG/SMFM) (Caughey et al., 2014) . Friedman introduced his approach to the graphic analysis of labor progress among parous women in the mid-1950s (Friedman, 1956) . Active labor onset was determined individually for each woman based on progressively more rapid dilation until a maximum slope of dilation was reached, most commonly between 2 and 3 cm (Friedman, 1978; Friedman and Kroll, 1969; Friedman, 1956) ; the lower limit of normal progress for the majority of active labor was 1.5 cm per hour (Friedman, 1978; Friedman, 1956) . The NICE guideline stipulates that active labor can be diagnosed when cervical dilation is progressive from 4 cm or more (National Institute for Health and Care Excellence, 2014). A dilation rate of 2 cm in 4 hours was presented as the lower limit of normal active labor progress. ACOG and the SMFM have jointly endorsed 6 cm dilatation as the threshold for active labor onset for most women as a strategy for safely decreasing the primary cesarean birth rate in the United States and Neal et al. Page 2 Midwifery. Author manuscript; available in PMC 2019 December 01.
standards for active labor progress should not be applied before this point (Caughey et al., 2014) .
The value and use of these various active labor diagnostic guidelines has been explored in a group of nulliparous women with spontaneous labor onset (Neal et al., 2017) . Significantly more women met the NICE active labor guideline at the time of hospital admission than met Friedman or ACOG/SMFM guidelines (Neal et al., 2017) . The NICE guideline distinguished likelihoods for cesarean birth better than the other guidelines, with women admitted before versus in active labor being more likely to experience cesarean birth (adjusted odds ratio (AOR) 2.55; 95% CI 1.84-3.53; p < 0.001) (Neal et al., 2017) . However, which of these guidelines is best suited for clinical use for women with prior births remains unclear.
The aims of our study were (1) to retrospectively determine the proportion of parous women admitted to the hospital before and in active labor when applying Friedman, NICE, and ACOG/SMFM diagnostic guidelines, and (2) to compare associations of labor status at admission (i.e., early labor or active labor) with oxytocin augmentation, cesarean birth, and adverse birth outcomes when using the different active labor diagnostic guidelines.
METHODS
We developed a database of all births between January 1, 2006 and December 31, 2010 at a large, academic, tertiary medical center in the Midwestern United States (N = 21,492). Institutional Review Board approval was obtained for this study and a full waiver of informed consent was granted for data collection. Detailed data were extracted from women's electronic health records including demographics, medical history, reproductive and prenatal history, labor and birth summary, postpartum and discharge information, newborn information, and International Classification of Diseases-9 codes. Data on labor progression included timestamped cervical dilatation, station, and effacement. Cervical examinations were most often performed by resident physicians who would subsequently contact the attending physician for admission or labor management decisions. Continuous electronic fetal monitoring during labor is predominantly used for fetal assessment at this institution while intermittent auscultation is used rarely. Data cleaning, coding, and logic checking were performed. Figure 1 depicts the sample selection process for this study. The sample included 3,219 parous women admitted to the hospital for the indication of spontaneous labor onset and a trial of labor who gave birth to a single, cephalic-presenting fetus at term gestation (37.0 -41.6 weeks). We defined trial of labor as all vaginal births, cesarean births following labor augmentation, and all other cesarean births with at least two cervical examinations from the time of admission, unless there was documentation that a trial of labor was not attempted. Women with a multiple gestation, preterm or postterm pregnancy, fetus in a non-cephalic or unknown presentation, no prior birth, induction of labor, cesarean birth before a trial of labor, completely dilated cervix at admission, or a fetus with a congenital anomaly were excluded. The dilatation documented at admission served as the baseline value for our retrospective determination if a woman was admitted in active labor per Friedman, NICE, and/or ACOG/SMFM diagnostic guidelines. See Table 1 for a description of the various guidelines.
Frequencies and percentages were used to describe the number of women who were admitted in early labor and in active labor per the three diagnostic guidelines. Labor interventions and birth outcomes were compared using Mann-Whitney U tests for continuous-level data and likelihood ratio tests for categorical-level data. A composite of adverse outcomes was created due to the large sample sizes needed to separately study each outcome. The composite adverse outcome was defined as the presence of an adverse maternal outcome (i.e., maternal fever during labor > 100.4° F; and/or postpartum hemorrhage (> 500 ml for vaginal birth and > 1000 ml for cesarean birth) or an adverse neonatal outcome (i.e., neonatal resuscitation at birth using endotracheal artificial respiration, cardiac compression, and/ or administration of buffers or other resuscitative medications; Apgar score < 7 at 5 minutes; umbilical cord arterial blood pH < 7.1; and/or admission to the neonatal intensive care unit).
Binomial logistic regression was used to assess associations of labor status at admission (i.e., early labor relative to active labor) with oxytocin augmentation, cesarean birth, and the composite adverse outcome. All models were adjusted for maternal age, race, body mass index, gestational age at labor admission, and epidural analgesia use. Models for cesarean birth were also adjusted for hypertensive disorders, diabetes mellitus, oxytocin augmentation, use of amniotomy, and neonatal weight. Finally, models for composite adverse outcome were adjusted for all of the abovementioned variables as well as duration of amniotic membrane rupture and mode of birth. Comparisons of this sample were not made between-guidelines (e.g., women admitted in active labor per the NICE guideline compared to women admitted in active labor per the ACOG/SMFM guideline) because too few women admitted in active labor experienced adverse outcomes (e.g., cesarean birth, composite adverse outcome) to provide meaningful comparisons. Statistical analyses were performed using IBM SPSS Statistics 23 (IBM Corporation, Armonk, NY) and Stata/SE 14.0 (StataCorp LP, College Station, TX). A critical alpha of 0.05 was used for determining statistical significance.
RESULTS
There were 3,219 parous women who met inclusion criteria. Study sample characteristics are presented in Table 2 . Rates for amniotomy and oxytocin augmentation were 61.8% and 32.6%, respectively. The cesarean rate was 2.9% (n = 94). An adverse maternal outcome was experienced by 2.8% of women, and an adverse neonatal outcome occurred in 2.4% of births. There were no maternal or neonatal deaths.
On admission to the hospital in spontaneous labor, 28.8%, 71.9%, and 24.4% of women were in active labor per Friedman, NICE, and ACOG/SMFM diagnostic guidelines, respectively (Table 3) . Thus, 28.1% of parous women were admitted to the hospital prior to active labor per the NICE guideline which was, by far, the most inclusive active labor guideline of the three (i.e., the guideline met by the most women); in comparison, 75.6% and 71.2% of women were admitted in early labor when using ACOG/SMFM and Friedman 
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Author Manuscript guidelines. Among women admitted prior to 6 cm dilatation (75.6%) (ACOG/SMFM guideline), 19.5% were in active labor per Friedman's guideline and 65.0% were in active labor per the NICE guideline. Among the 24.4% of women admitted at 6 cm or more, 57.4% and 91.5% were in active labor per these respective guidelines. As compared to women in active labor at admission, the time duration from labor admission until birth among women admitted in early labor was between 4 to 5 hours longer, regardless of the active labor diagnostic guideline used (p < 0.001).
The distributions and within-guideline comparisons of labor interventions and birth outcomes for women admitted to the hospital in early and active labor per ACOG/SMFM, Friedman, and NICE guidelines are presented in Table 3 . Unadjusted and adjusted odds (AOR) of oxytocin augmentation, cesarean birth, and composite adverse outcome are in Table 4 . Oxytocin for augmentation of labor was more likely among women admitted in early labor, regardless of diagnostic guideline applied (p < 0.001 for each within-guideline contrast). Specifically, oxytocin was received by 42.6%, 65.2%, and 40.0% of parous women admitted before active labor per Friedman, NICE, and ACOG/SMFM guidelines, respectively; among women admitted in active labor per these guidelines, 8.0%, 19.8%, and 9.8%, received oxytocin.
Cesarean birth rates were 3.5%, 4.7%, and 3.4% among parous women admitted in early labor per Friedman, NICE, and ACOG/SMFM guidelines, respectively, and 0.9%, 1.4%, and 1.5% for women admitted in active labor per these guidelines (Table 3) . For all guidelines, the likelihood for cesarean birth was higher among women admitted prior to active labor, as contrasted against women admitted in active labor (Table 4 ). The greatest difference in cesarean rates between women admitted in active versus early labor was found using the NICE guideline. There were no differences in composite adverse outcomes within active labor diagnostic strategies after adjusting for demographic, obstetrical, and neonatal covariates (Table 4 ).
DISCUSSION
A clinically-useful active labor diagnostic guideline ideally should be inclusive of most women early enough to allow for timely identification and treatment of abnormal active labor progress (Neal et al., 2017) . However, the guideline should remain grounded in evidence so that women truly in early labor are not prematurely determined to be in active labor and subsequently held to active labor progress expectations. Likewise, an ideal guideline should not be so stringent that a significant number of laboring women never meet guideline criteria during labor despite progressively advancing in labor and birthing vaginally. The chosen active labor diagnostic guideline should be consistently applied by clinicians when differentiating active labor from earlier labor.
In our study, more than 70% of women were admitted in active labor when NICE active labor criteria were applied, whereas less than 30% of women were admitted in active labor when Friedman or ACOG/SMFM guidelines were used. Friedman's dilation rate-based guideline (i.e., ≥ 1.5 cm/hour during the first hour after admission) was still not met by 42.6% of parous women who were admitted at 6 cm dilatation or more. Indeed, a large 
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Author Manuscript percentage of women will never achieve Friedman active labor dilation rate expectations (Zhang et al., 2010 ); yet, most parous women will achieve a vaginal birth with normal maternal and neonatal outcomes.
Oxytocin augmentation and cesarean birth rates were increased for those admitted in early versus active labor with each active labor diagnostic guideline. This indicates that timing of hospital admission may be an important predictor of intrapartum intervention and route of birth for parous women with spontaneous labor onset.
The overall cesarean rate in our study of parous women with one or more prior vaginal births and without a prior cesarean was only 2.9%. This indicates that a previous vaginal birth is a strong predictor of subsequent vaginal birth following a trial of labor (Bovbjerg et al., 2017) . The NICE guideline showed the greatest difference in cesarean rates between women in our sample who were admitted to the hospital in active versus early labor (1.4% and 4.7%, respectively). Although women admitted in active labor per the ACOG/SMFM guideline (i.e., at 6 cm dilatation or more) had a lower cesarean rate compared to those not at 6 cm (1.5% and 3.4%, respectively), this finding represented the smallest difference in cesarean rates between early labor and active labor groups among the three guidelines evaluated. Prospective studies are needed to evaluate if the NICE guideline is the best approach for distinguishing between likelihoods for cesarean birth among parous women admitted before or in active labor. Studies of parous women undergoing induction of labor are also warranted to evaluate if carefully distinguishing between early induction efforts and active labor improves clinician management and birth outcomes.
Physiologic differences between women in early and active labor may partially explain why cesarean birth is more likely among women admitted earlier (Neal et al., 2017) . Labor is an inflammatory event requiring maternal peripheral leukocytes to propagate labor events (Shynlova et al., 2013; Yuan et al., 2009) , and women admitted before active labor onset have been shown to be earlier in the labor-associated inflammatory pathway than women admitted in active labor (Neal et al., 2015) . Therefore, just as women undergoing induction of labor with an unfavorable cervix have higher cesarean birth rates than women with a favorable cervix (Laughon et al., 2012) , women admitted to hospitals in early labor may have higher cesarean rates than women admitted in active labor because physiological changes important to successful labor are less mature (Neal et al., 2017) .
There may also be macro-level differences between women who present to hospitals earlier in labor and those who present in active labor that influence birth outcomes (Neal et al., 2017) . For example, women presenting earlier may have poor support systems, housing that prevents privacy, lower coping abilities, or physiological differences that may influence labor progression (Carlson et al., 2015; Kawakita et al., 2016; Wray, 2015) . Alternatively, higher cesarean birth rates among women admitted to hospitals before active labor may occur simply due to increased time in the medical environment that could lead to higher rates of intervention related to institutional factors. This supports that systems factors, rather than exclusively patient factors, affect birth outcomes and should therefore be examined in maternity care improvement initiatives (Jolles, 2017; Kozhimannil et al., 2017) .
Regardless if labor abnormalities result in early presentation to the hospital and subsequent provider intervention or if early presentation and subsequent intervention are the cause of labor abnormalities (Bailit et al., 2005) , using a standard, evidence-based approach for diagnosing active labor will aid clinicians in differentiating early from active labor for all women (Neal et al., 2017) . Active labor is an appropriate time for admission for women desiring inhospital birth (American College of Obstetricians and Gynecologists, 2017) . Women presenting to the hospital in early labor with uncomplicated pregnancies and effective coping may be candidates for in-hospital early labor lounge observation or discharge to home until labor becomes active (Paul et al., 2017) . Emerging evidence also suggests that low-risk women might be prepared antenatally to increase coping at home during latent labor, thus delaying hospital admission until active labor (Tilden et al., 2016) . Finally, for women admitted to the hospital prior to active labor for legitimate clinical rationale (e.g., pain management, fatigue, severe anxiety, inadequate social support), the active labor diagnostic guideline can guide when progressive cervical dilation should first be expected to prevent premature intervention.
Parous women presenting to the hospital prior to active labor should be counseled on the risks of immediate admission, including more frequent oxytocin augmentation and cesarean births. Research aimed at describing physiological, social, and psychological differences among women admitted to hospitals in pre-active and active labor admission groups would be valuable scientific contributions. Prospective research aimed at evaluating if delaying hospital admission until active labor improves birth outcomes for parous women is also needed.
There were several study limitations. First, the study was a retrospective data analysis of medical record data from a single, large, academic medical center. Timing and frequency of cervical examinations, determinations for labor admission and interventions during labor (e.g., oxytocin augmentation), and diagnostic definitions (e.g., dystocia) were not standardized. These decisions were likely influenced by expectations of labor progress among clinicians at this institution. We were not privy to clinical decision-making processes in this retrospective study. Second, we applied active labor diagnostic guidelines to women admitted in spontaneous labor. Ideally, active labor diagnosis should be made during triage before the woman is officially admitted to the hospital or, at least, before intervention unless there is a maternal or fetal indication for intervention. In our study, some women may have received oxytocin augmentation prior to completion of the 4-hour NICE active labor determination period or even prior to completion of the 1-hour Friedman active labor determination period. This early intervention may have altered natural labor progression and active labor categorization. Finally, labor care at the study institution was predominantly provided within a medical model by resident and attending physicians, thus, findings may not generalize to midwifery models of care.
In summary, more than twice as many parous women with spontaneous labor onset meet the dilation rate-based NICE active labor diagnostic guideline at the time of hospital admission than either Friedman or ACOG/SMFM guidelines. This greater inclusiveness is a function of less stringent diagnostic criteria. Still, the NICE guideline differentiates likelihoods for cesarean birth between women admitted in early versus active labor as well as or better than other guidelines. Regardless of the active labor diagnostic guideline applied, oxytocin augmentation and cesarean birth were more likely among women admitted before active labor. To improve cesarean rates, it is reasonable for clinicians to delay hospital admission for low-risk women in spontaneous labor until active labor is established using the NICE guidelines; instead encouraging women to stay home longer or utilize early labor lounges until labor is established. Prospective research is needed to assess if delaying hospital admission for low-risk women until active labor begins decreases primary cesarean birth rates among parous women.
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Source
Diagnostic criteria Friedman (1956 Friedman ( , 1978 Cervical dilation rate ≥ 1.5 cm/hour during the first hour after admission that led to dilatation ≥ 3 cm, or progression from an earlier dilatation to complete dilatation within 1 a Women delivered by cesarean before the 1-hour assessment point and before complete dilatation were not included in analyses because there was insufficient time for labor status determination (n = 5).
b Women delivered by cesarean before the 4-hour assessment point and before complete dilatation were not included in analyses because there was insufficient time for labor status determination (n = 19).
c Among women admitted in active labor, likelihood for spontaneous vaginal birth was greater and likelihood for cesarean birth was lower (p < 0.05 after Bonferroni correction).
d Umbilical cord prolapse, n = 1; placental abruption, n = 1; suspected macrosomia, n = 1.
e Defined as fever during labor > 100.4° F and/or postpartum hemorrhage (i.e., > 500 ml for vaginal birth and > 1000 ml for cesarean birth).
f Defined as neonatal resuscitation at birth, Apgar score < 7 at 5 minutes, umbilical cord arterial blood pH < 7.1 (if collected), and/or admission to the neonatal intensive care unit. Umbilical cord arterial blood pH collected from 633 (19.7%) women.
